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Whole cell biocatalysts which enable the concerted use of D- 
hydantoinase, D-carbamoylase, and racemase enzymes are valuable 
for the production of D-amino acids. However, Escherichia coli host 
strains used for this purpose efficiently degrade D-amino acids. This 
work demonstrates that D-amino acid degradation occurs largely through the 
concerted action of D-amino acid dehydrogenase, encoded by the dadA gene, 
and D- serine dehydratase, encoded by the 

dsdA gene. Deletion mutants of E. coli which lack these activities were 
constructed and compared against wild type strains in D-amino acid 
degradation. An E. coli dadA mutant reduced the degradation of 
D-methionine by one third, D-phenylalanine by two- thirds, and 
D-2-amino-butyric acid nearly completely. Even though the dadA mutant had 
no effect on D-serine degradation, a dadA dsdA double mutant of E. coli 
additionally reduced degradation of D-serine, as well as D-phenylalanine, 
almost entirely. These strains are appropriate hosts for whole cell 
biosynthesis of D-amino acids using general approaches such as the 
hydantoinase system. 
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Whole cell biocatalysts which enable the concerted use of D- 
hydantoinase , D-carbamoylase , and racemase enzymes are valuable 
for the production of D-amino acids. However, Escherichia coli host strains 
used for this purpose efficiently degrade D-amino acids. This work 
demonstrates that D-amino acid degradation occurs largely through the 
concerted action of D-amino acid dehydrogenase, encoded by the dadA gene, 
and D- serine dehydratase, encoded by the 

dsdA gene. Deletion mutants of E. coli which lack these activities were 
constructed and compared against wild type strains in D-amino acid degradation 
An E. coli dadA mutant reduced the degradation of D-methionine by one third, 
D-phenylalanine by two- thirds, and D-2 -aminobutyric acid nearly 
completely. Even though the dadA mutant had no effect on D- serine 
degradation, a dadA double mutant of E. coli addnl . reduced degradation of 
D- serine, as well as D-phenylalanine, almost entirely. These strains are 
appropriate hosts for whole cell biosynthesis of D-amino acids using 
general approaches such as the hydantoinase system. 
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AB A recombinant escherichia coli strain and a process is provided for the 
biosynthesis of D-amino acids. In particular, an E. coli strain is 
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Whole cell biocatalysts which enable the concerted use of D- 
hydantoinase, D- carbamoylase, and racemase enzymes are valuable 
for the production of D-amino acids. However, Escherichia coli host 
strains used for this purpose efficiently degrade D-amino acids. This work 
demonstrates that D-amino acid degradation occurs largely through the 
concerted action of D-amino acid dehydrogenase, encoded by the dadA gene, 
and D-serine dehydratase, encoded by the 

dsdA gene. Deletion mutants of E. coli which lack these activities were 
constructed and compared against wild type strains in D-amino acid 
degradation. An E. coli dadA mutant reduced the degradation of 
D-methionine by one third, D-phenylalanine by two- thirds, and 
D-2-aminobutyric acid nearly completely. Even though the dadA mutant had 
no effect on D-serine degradation, a dadA dsdA double mutant of E. coli 
additionally reduced degradation of D-serine, as well as D-phenylalanine, 
almost entirely. These strains are appropriate hosts for whole cell 
biosynthesis of D-amino acids using general approaches such as the 
hydantoinase system. 
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AB Whole cell biocatalysts which enable the concerted use of D- 

hydantoinase, D-carbamoylase , and racemase enzymes are valuable 
for the production of D-amino acids. However, Escherichia coli host 
strains used for this purpose efficiently degrade D-amino acids. This 
work demonstrates that D-amino acid degradation occurs largely through the 
concerted action of D-amino acid dehydrogenase, encoded by the dadA gene, 
and D- serine dehydratase, encoded by the 

dsdA gene. Deletion mutants of E. coli which lack these activities were 
constructed and compared against wild type strains in D-amino acid 
degradation. An E. coli dadA mutant reduced the degradation of 
D-methionine by one third, D-phenylalanine by two- thirds, and 
D-2-amino-butyric acid nearly completely. Even though the dadA mutant had 
no effect on D-serine degradation, a dadA dsdA double mutant of E. coli 
additionally reduced degradation of D-serine, as well as D-phenylalanine, 
almost entirely. These strains are appropriate hosts for whole cell 
biosynthesis of D-amino acids using general approaches such as the 
hydantoinase system. .COPYRGT. 2004 Wiley- VCH Verlag GmbH & Co. 
KGaA. 
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Cloning and characterization of genes from Agrobacterium 
sp. IP 1-671 involved in hydantoin degradation. 
Hils M; Munch P; Altenbuchner J; Syldatk C; Mattes R 
Institute of Industrial Genetics, University of Stuttgart, 
Germany . 
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680-8. 
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Cloning and sequencing of a 7.1 kb DNA fragment 
1-671 revealed seven open reading frames (ORFs) 
D-carbamoylase and putative hydantoin racemase, 
acid oxidase and NAD ( P) H- flavin oxidoreductase . 
incomplete ORFs flanking the hydantoin utilization genes showed 
similarities to genes involved in transposition. Expression of the 
D-hydantoinase and D-carbamoylase gene in Escherichia coli gave mainly 
inactive protein concentrated in inclusion bodies, whereas homologous 
expression on an RSF1010 derivative increased hydantoinase and 
D-carbamoylase activity 2.5-fold and 10-fold, respectively, in this 
strain. Inactivation of the D-carbamoylase gene in Agrobacterium sp IP 
1-671 led to a complete loss of detectable carbamoylase activity whereas 
the low hydantoinase activity remaining after inactivation of the 
D-hydantoinase gene indicated the presence of a second 

hydantoinase -encoding gene. Two plasmids of 80 kb and 190 kb in size were 
identified by pulsed- field gel electrophoresis and the cloned hydantoin 
utilization genes were found to be localized on the 190 kb plasmid. 
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AB Biocatalytic processes were used to prepare chiral intermediates for 
pharmaceuticals. These include the following processes. Enzymatic 
synthesis of [4S- (4a, 7a, lOab) ] l-octahydro-5 -oxo-4 - [ [ (phenyl me thoxy) 
carbonyl] amino] -7H-pyrido- [2 , 1-b] [1 , 3] thiazepine-7 -carboxylic acid methyl 
ester (BMS- 199541-01) , a key chiral intermediate for synthesis of a new 
vasopeptidase inhibitor. Enzymatic oxidation of the epsilon-amino group 
of lysine in dipeptide dimer N2- [N [[ (phenylme thoxy) carbonyl] 
L-homocysteinyl] L-lysine) 1 , 1-disulf ide (BMS-201391-01) to produce 
BMS-199541-01 using a novel L-lysine epsilon-aminotransf erase from S. 
paucimobilis SC16113 was demonstrated. This enzyme was overexpressed in 
E. coli, and a process was developed using recombinant enzyme. The 
aminotransferase reaction required alpha-ketoglutarate as the amine 
acceptor. Glutamate formed during this reaction was recycled back to 
alpha-ketoglutarate by glutamate oxidase from S. noursei SC6007. 
Synthesis and enzymatic conversion of 2-keto-6-hydroxyhexanoic acid 5 to 
L- 6 -hydroxy norleucine 4 was demonstrated by reductive amination using 
beef liver glutamate dehydrogenase. To avoid the lengthy chemical 
synthesis of ketoacid 5, a second route was developed to prepare the 
ketoacid by treatment of racemic 6 -hydroxy norleucine (readily available 
from hydrolysis of 5- (4-hydroxybutyl) hydantoin, 6) with 
D- amino acid oxidase from porcine 

kidney or T. variabilis followed by reductive amination to convert the 
mixture to L- 6 -hydroxynor leucine in 98% yield and 99% enantiomeric excess. 
Enzymatic synthesis of (S) -2-amino-5- (1, 3 -dioxolan-2 -yl ) -pentanoic acid 
(allysine ethylene acetal, 7) , one of three building blocks used for 
synthesis of a vasopeptidase inhibitor, was demonstrated using 



phenylalanine dehydrogenase from T. intermedius . The reaction requires 
ammonia and NADH. NAD produced during the reaction was recycled to NADH 
by oxidation of formate to C02 using formate dehydrogenase. Efficient 
synthesis of chiral intermediates required for total chemical synthesis of 
a beta 3 receptor agonist was demonstrated. These include: (a) microbial 
reduction of 4-benzyloxy-3-methanesulfonylamino-2 • -bromoacetophenone 9 to 
corresponding (R) -alcohol 10 by S. paucimobilis SC16113, (b) enzymatic 
resolution of racemic alpha-methyl phenylalanine amide 11 and 
alpha -methyl- 4 -hydroxyphenylalanine amide 13 by amidase from M. neoaurum 
ATCC 25795 to prepare corresponding (S) -amino acids 12 and 14, and (c) 
asymmetric hydrolysis of methyl- (4 -methoxyphenyl ) -propanedioic acid ethyl 
diester 15 to corresponding (S) -monoester 16 by pig liver esterase. 
(S) [1- (acetoxyl) -4 - (3 -phenyl) butyl] phosphonic acid diethyl ester 21, a key 
chiral intermediate required for total chemical synthesis of BMS-188494 
(an anticholesterol drug) was prepared by stereoselective acetylation of 
racemic [1- (hydroxy ) -4 -( 3 -phenyl) butyl] phosphonic acid diethyl ester 22 
using G. candidum lipase. Lipase-catalyzed stereoselective acetylation of 
racemic 7- [N,N' -bis- (benzyloxy-carbonyl ) N- (guanidinoheptanoyl) ] -alpha- 
hydroxy- glycine 24 to corresponding S- (-) -acetate 25 was demonstrated. 
S- (-) -acetate 25 is a key intermediate for total chemical synthesis of 
( - ) -15-deoxyspergualin 23, an immunosuppressive agent and antitumor 
antibiotic. Stereoselective microbial reduction of (IS) [3 -chloro-2-oxo-l- 
(phenyl -methyl) propyl] carbamic acid, 1, 1-dimethyl-ethyl ester 26 to 
corresponding chiral alcohol 27a (a key chiral intermediate for HIV 
protease inhibitors) was also demonstrated. Stereospecif ic enzymatic 
hydrolysis of racemic epoxide RS-1- [2 * , 3 1 -dihydro benzo [b] f uran-4 ' -yl] -1 , 2 - 
oxirane 29 the corresponding R-diol 3 0 and unreacted chiral S-epoxide 28 
was demonstrated using R. glutinis and A. niger. Dynamic resolution of 
racemic diol RS-1- [2 3 1 -dihydrobenzo [b] f uran-4 1 -yl] -ethane- 1, 2 -diol 32 to 
corresponding S-diol S-l- [2 1 , 3 1 -dihydrobenzo [b] f uran-4 1 -yl] -ethane-1, 2- 
diol 31 was demonstrated using C. boidinii and P. methanolica. Chiral 
(S) -epoxide 28 and (S) -diol 31 are key intermediates for a new prospective 
circadian modulator drug. Enzymatic resolution of racemic 2-pentanol and 
2-heptanol by lipase B from Candida antarctica was demonstrated. 
S- (+) -2-pentanol is a key chiral intermediate required for synthesis of 
ant i -Alzheimer 1 s drugs. 
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AB Cloning and sequencing of a 7.1 kb DNA fragment from Agrobacterium sp IP 
1-671 revealed seven open reading frames (ORFs) encoding D- 
hydantoinase, D-carbamoylase and putative hydantoin 
racemase, D-amino acid oxidase and 

NAD (P) H-f lavin oxidoreductase . Two incomplete ORFs flanking the 

hydantoin utilization genes showed similarities to genes involved 

in transposition. Expression of the D-hydantoinase and 

D-carbamoylase gene in Escherichia coli gave mainly inactive protein 

concentrated in inclusion bodies, whereas homologous expression on an 

RSF1010 derivative increased hydantoinase and D-carbamoylase 

activity 2.5-fold and 10-fold, respectively, in this strain. Inactivation 

of the D-carbamoylase gene in Agrobacterium sp IP 1-671 led to a complete 

loss of detectable carbamoylase activity whereas the low 

hydantoinase activity remaining after inactivation of the D- 

hydantoinase gene indicated the presence of a second 

hydantoinase- encoding gene. Two plasmids of 80 kb and 190 kb in 

size were identified by pulsed-field gel electrophoresis and the cloned 

hydantoin utilization genes were found to be localized on the 190 

kb plasmid. 
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AB Biocatalytic processes were used to prepare chiral intermediates required 
for the synthesis of Omapatrilat 1 by three different routes. The 
synthesis and enzymatic conversion of 2 -keto-6-hydroxyhexanoic acid 3 to 
L-6-hydroxynorleucine 2 was demonstrated by reductive amination using beef 
liver glutamate dehydrogenase. To avoid the lengthy chemical synthesis of 



the ketoacid 3, a second route was developed to prepare the ketoacid by 
treatment of racemic 6 -hydroxy norleucine [readily available from 
hydrolysis of 5- (4 -hydroxybutyl) hydantoin 4] with D- 
amino acid oxidase from porcine kidney or 

Trigonopsis variabilis followed by reductive amination to convert the 
mixture completely to L- 6 -hydroxynor leucine in 98% yield and 99% 
enantiomeric excess (e.e.). The enzymatic synthesis of 
(S) -2-amino-5- (1, 3-dioxolan-2-yl) -pentanoic acid (allysine ethylene 
acetal, 5) was demonstrated using phenylalanine dehydrogenase (PDH) from 
T. intermedius. Phenylalanine dehydrogenase was cloned and overexpressed 
in Escherichia coli and Pichia pastoris. Using PDH from E. coli or P. 
pastoris, the enzymatic process was scale-up to prepare kg quantity of 
allysine ethylene acetal 5. The reaction yields of >94% and e.e. of >98% 
were obtained for allysine ethylene acetal 5. An enzymatic process was 
developed for the synthesis of [4S- (4a, 7a, lOab) ] l-octahydro-5-oxo-4 
[ [ (phenylmethoxy)carbonyl] amino] -7H-pyrido- [2, 1-b] [1,3] thiazepine-7 - 
carboxylic acid [BMS-199541-01] . The enzymatic oxidation of the 
epsi Ion- amino group of lysine in the dipeptide dimer N (2 ) - [N [ [ (phenyl - 
methoxy) carbonyl] L-homocysteinyl] L-lysine) -1, 1-disulphide 
[BMS-201391-01] to produce BMS-199541-01 using a novel L-lysine 
epsilon-aminotransf erase (LAT) from Sphingomonas paucimobilis SC 16113 was 
demonstrated. This enzyme was overexpressed in E. coli and a process was 
developed using the recombinant enzyme. 
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AB L- 6 -Hydroxynor leucine, a key chiral intermediate used for synthesis of a 
vasopeptidase inhibitor, was prepared in 89% yield and > 99% optical 
purity by reductive amination of 2-keto-6-hydroxyhexanoic acid using 
glutamate dehydrogenase from beef liver. In an alternate process, racemic 
6-hydroxynorleucine produced by hydrolysis of 5- (4 -hydroxybutyl) 
hydantoin was treated with D-amino 
acid oxidase to prepare a mixture containing 

2-keto-6-hydroxyhexanoic acid and L- 6 -hydroxy nor leu cine followed by the 
reductive amination procedure to convert the mixture entirely to 
L-6-hydroxynorleucine, with yields of 91 to 97% and optical purities of > 
99%. 
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AB Cloning and sequencing of a 7.1 kb DNA fragment from Agrobacterium sp IP 
1-671 revealed seven open reading frames (ORFs) encoding D- 
hydantoinase , D-carbamoylase and putative hydantoin 
racemase, D-amino acid oxidase and 

NAD (P) H- flavin oxidoreductase . Two incomplete ORFs flanking the 

hydantoin utilization genes showed similarities to genes involved 

in transposition. Expression of the D-hydantoinase and 

D-carbamoylase gene in Escherichia coli gave mainly inactive protein 

concentrated in inclusion bodies, whereas homologous expression on an 

RSF1010 derivative increased hydantoinase and D-carbamoylase 

activity 2.5-fold and 10-fold, respectively, in this strain. Inactivation 

of the D-carbamoylase gene in Agrobacterium sp IP 1-671 led to a complete 

loss of detectable carbamoylase activity whereas the low 

hydantoinase activity remaining after inactivation of the D- 

hydantoinase gene indicated the presence of a second 

hydantoinase -encoding gene. Two plasmids of 80 kb and 190 kb in 

size were identified by pulsed-field gel electrophoresis and the cloned 

hydantoin utilization genes were found to be localized on the 190 

kb plasmid. 
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AB Cloning and sequencing of a 7 . 1 kb DNA fragment from Agrobacterium sp IP 
1-671 revealed seven open reading frames (ORFs) encoding D- 



hydantoinase, D-carbamoylase and putative hydantoin 
racemase, D-amino acid oxidase and 

NAD (P) H- flavin oxidoreductase . Two incomplete ORFs flanking the 

hydantoin utilization genes showed similarities to genes involved 

in* transposition. Expression of the D- hydantoinase and 

D-carbamoylase gene in Escherichia coli gave mainly inactive protein 

concentrated in inclusion bodies, whereas homologous expression on an 

RSF1010 derivative increased hydantoinase and D-carbamoylase 

activity 2.5-fold and 10-fold, respectively, in this strain. Inactivation 

of the D-carbamoylase gene in Agrobacterium sp IP 1-671 led to a complete 

loss of detectable carbamoylase activity whereas the low 

hydantoinase activity remaining after inactivation of the D- 

hydantoinase gene indicated the presence of a second 

hydantoinase -encoding gene. Two plasmids of 80 kb and 190 kb in 

size were identified by pulsed- field gel electrophoresis and the cloned 

hydantoin utilization genes were found to be localized on the 190 

kb plasmid. 
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AB Biocatalytic processes were used to prepare chiral intermediates required 
for the synthesis of Omapatrilat 1 by three different routes. The 
synthesis and enzymatic conversion of 2 -keto- 6 -hydroxy hexanoic acid 3 to 
L-6-hydroxynorleucine 2 was demonstrated by reductive amination using beef 
liver glutamate dehydrogenase. To avoid the lengthy chemical synthesis of 
the ketoacid 3, a second route was developed to prepare the ketoacid by 
treatment of racemic 6 -hydroxy norleucine (readily available from 
hydrolysis of 5- (4 -hydroxybutyl) hydantoin 4) with D- 
amino acid oxidase from porcine kidney or 

Trigonopsis variabilis followed by reductive amination to convert the 
mixture completely to L- 6 -hydroxynor leucine in 98% yield and 99% 
enantiomeric excess (e.e.). The enzymatic synthesis of 

(S) -2-amino-5- (1, 3 -dioxolan-2 -yl ) -pentanoic acid (allysine ethylene 
acetal, 5) was demonstrated using phenylalanine dehydrogenase { PDH) from 
T. intermedius. Phenylalanine dehydrogenase was cloned and overexpressed 
in Escherichia coli and Pichia pastoris. Using PDH from E. coli or P. 
pastoris, the enzymatic process was scale-up to prepare kg quantity of 
allysine ethylene acetal 5. The reaction yields of > 94% and e.e. of > 
98% were obtained for allysine ethylene acetal 5. An enzymatic process 
was developed for the synthesis of (4S- (4a, 7a, lOab) ) l-octahydro-5-oxo-4 

( ( (phenylmethoxy) carbonyl ) amino) -7H-pyrido- (2, 1-b) (1,3) thiazepine-7 - 
carboxylic acid (BMS-19954 1-01) . The enzymatic oxidation of the 
epsilon-amino group of lysine in the dipeptide dimer N2- (N (( (phenyl- 
methoxy) carbonyl) L-homocysteinyl) L-lysine) -1, 1-disulphide 

(BMS-201391-01) to produce BMS-199541-01 using a novel L-lysine 
epsilon-aminotransferase (LAT) from Sphingomonas paucimobilis SC 16113 was 
demonstrated. This enzyme was overexpressed in E. coli and a process was 
developed using the recombinant enzyme. 
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AB The chiral intermediate (1S,2R) ( 3 -chloro-2 -hydroxy- 1- 

(phenylmethyl) propyl) carbamic acid, 1, 1-dimethylethyl ester 2a was 
prepared for the total synthesis of a human immunodeficiency virus 
protease inhibitor, BMS-186318 . The stereoselective reduction of (IS) 
(3-chloro-2-oxo-l (phenylmethyl) propyl) carbamic acid, 1 , 1-dimethylethyl 
ester 1 was carried out using microbial cultures, among which Streptomyces 
nodosus SC 13149 efficiently reduced 1 to 2a. A reaction yield of 80%, 
enantiomeric excess (e.e.) of 99.8%, and diastereomeric purity of 99% were 
obtained for chiral alcohol 2a. Chiral L-6-hydroxy norleucine 3, an 
intermediate in the synthesis of antihypertensive drug, was prepared by 
reductive amination of 2 -keto-6-hydroxyhexanoic acid 4 using beef liver 
glutamate dehydrogenase. The cof actor NADH required for this reaction was 
regenerated using glucose dehydrogenase from Bacillus sp. A reaction 
yield of 80% and e.e. of 99.5% were obtained for L-6-hydroxynorleucine 3. 
To avoid the lengthy chemical synthesis of the ketoacid, a second route 



was developed in which racemic 6 -hydroxynor leucine (readily available from 
hydrolysis of 5 - (4 -hydroxybutyl) hydantoin 5) was treated with 
D- amino acid oxidase from 

Trigonopsis variabilis to selectively convert the D- isomer of racemic 
6-hydroxynorleucine to 2-keto-6-hydroxyhexanoic acid 4 and 
L-6-hydroxynorleucine 3. Subsequently, the 2-keto-6-hydroxyhexanoic acid 
4 was converted to L- 6 -hydroxynor leucine by reductive amination using 
glutamate dehydrogenase. A reaction yield of 98% and an e.e. of 99.5% 
were obtained. 
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AB A recombinant escherichia coli strain and a process is provided for the 
biosynthesis of D-amino acids. In particular, an E. coli strain is 
provided which has been transformed with the genes hyuC and hyuD which 
encode D-carbamoylase and D-hydantoinase resp. Addnl . in the 
same strain either one or both of the genes dadA and dsdA which encode 
D-amino oxidase and D-serine hydratase, were inactivated by site-directed 
mutagenesis. Selected mutants can produce D-methionine, D-phenylalanine, 
D-a-aminobutyric acid and D-serine. 
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AB Cloning and sequencing of a 7 . 1 kb DNA fragment from Agrobacterium sp IP 

1- 671 revealed seven open reading frames (ORFs) encoding D- 
hydantoinase, D-carbamoylase and putative hydantoin 
racemase, D-amino acid oxidase and 

NAD (P) H- flavin oxidoreductase . Two incomplete ORFs flanking the 

hydantoin utilization genes showed similarities to genes involved 

in transposition. Expression of the D-hydantoinase and 

D-carbamoylase gene in Escherichia coli gave mainly inactive protein 

concentrated in inclusion bodies, whereas homologous expression on an RSF1010 

derivative increased hydantoinase and D-carbamoylase activity 

2.5-fold and 10-fold, resp., in this strain. Inactivation of the 

D-carbamoylase gene in Agrobacterium sp IP 1-671 led to a complete loss of 

detectable carbamoylase activity whereas the low hydantoinase 

activity remaining after inactivation of the D-hydantoinase gene 

indicated the presence of a second hydantoinase- encoding gene. 

Two plasmids of 80 kb and 190 kb in size were identified by pulsed- field 

gel electrophoresis and the cloned hydantoin utilization genes 

were found to be localized on the 190 kb plasmid. 
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AB A review with 50 refs. Biocatalytic processes were used to prepare chiral 
intermediates required for the synthesis of Omapatrilat 1 by three 
different routes. The synthesis and enzymic conversion of 

2- keto-6-hydroxyhexanoic acid 3 to L- 6-hydroxynorleucine 2 was 
demonstrated by reductive amination using beef liver glutamate 
dehydrogenase. To avoid the lengthy chemical synthesis of the ketoacid 3, a 
second route was developed to prepare the ketoacid by treatment of racemic 

6 -hydroxy norleucine [readily available from hydrolysis of 
5- (4-hydroxybutyl) hydantoin 4] with D-amino 
acid oxidase from porcine kidney or Trigonopsis 

variabilis followed by reductive amination to convert the mixture completely 
to L- 6-hydroxynorleucine in 98% yield and 99% enantiomeric excess (e.e.). 
The enzymic synthesis of (S) -2 -amino-5- (1, 3-dioxolan-2 -yl) -pentanoic acid 
(allylsine ethylene acetal, 5) was demonstrated using phenylalanine 
dehydrogenase (PDH) from T. intermedius. Phenylalanine dehydrogenase was 
cloned and overexpressed in Escherichia coli and Pichia pastoris. Using 
PDH from E. coli or P. pastoris, the enzymic process was scale-up to prepare 
kg quantity of allylsine ethylene acetal 5. The reaction yields of > 94% 
and e.e. of > 98% were obtained for allylsine ethylene acetal 5. An 
enzymic process was developed for the synthesis of [4S- (4a, 7a, 
lOab) ] l-octahydro-5-oxo-4 [ [ (phenylmethoxy) carbonyl] amino] -7H-pyrido- [2, 1- 
b] [1, 3] thiazepine-7-carboxylic acid [BMS-199541- 01] . The enzymic oxidation 
of the e-amino group of lysine in the dipeptide dimer 



N2- (N[ [ (phenyl -methoxy) carbonyl] L-homocysteinyl] L-lysine) - 1 , 1-disulf ide 
[BMS-201391-01] to produce BMS-199541-01 using a novel L-lysine 
e-aminotransf erase (LAT) from Sphingomonas paucimobilis SC 16113 
was demonstrated. This enzyme was overexpressed in E. coli and a process 
was developed using the recombinant enzyme. 
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AB Nonracemic hydroxyphenylmethylpropyl carbamate I was prepared for the total 
synthesis of human immunodeficiency virus protease inhibitor II 
(BMS-186318) . The stereoselective reduction of chloromethyl phenethyl ketone 
(IS) -III was carried out using microbial cultures, among which 
Streptomyces nodosus SC 13149 efficiently reduced III to I . A reaction 
yield of 80%, enantiomeric excess (e.e.) of 99.8%, and diastereomeric 
purity of 99% were obtained for chiral ale. I. Chiral L- 6 -hydroxy 
norleucine IV, an intermediate in the synthesis of an antihypertensive 
drug, was prepared by reductive amination of HO (CH2 ) 4COC02H using beef liver 
glutamate dehydrogenase. The cof actor NADH required for this reaction was 
regenerated using glucose dehydrogenase from Bacillus sp. A reaction 
yield of 80% and e.e. of 99.5% were obtained for IV. To avoid the lengthy 
chemical synthesis of the ketoacid, a second route was developed in which 
racemic IV [readily available from hydrolysis of hydantoin V] 
was treated with D-amino acid 

oxidase from Trigonopsis variabilis to selectively convert the 
D-isomer of IV to HO (CH2 ) 4COC02H and nonracemic IV. Subsequently, 
HO(CH2) 4COC02H was converted to L-6-hydroxynorleucine by reductive 
amination using glutamate dehydrogenase. A reaction yield of 98% and an 
e.e. of 99.5% were obtained. 
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AB L-6-Hydroxynorleucine (I), a key chiral intermediate used for synthesis of 

a vasopeptidase inhibitor, was prepared in 89% yield and >99% optical purity 
by reductive amination of 2 -keto- 6 -hydroxyhexanoic acid using glutamate 
dehydrogenase from beef liver. In an alternate process, racemic 



6-hydroxynorleucine produced by hydrolysis of 5- (4 -hydroxybutyl ) 

hydantoin was treated with D- amino 

acid oxidase to prepare a mixture containing 

2-keto-6-hydroxyhexanoic acid and I, followed by the reductive amination 
procedure to convert the mixture entirely to I, with yields of 91-7% and 
optical purities of >99%. 
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AB L- [1-11C] leucine was prepared by a modification of the Buecherer-Strecker 
reaction (Washburn, L.C., et al . , 1979) for use in positron tomog. of 
brain protein synthesis in laboratory animals and man. The synthesis entails 
reacting H11CN with (NH4)2C03 and isovaleraldehyde to form the alkyl 
hydantoin. This is hydrolyzed to form DL- [1-11C] leucine which 
reacted with an enzyme column containing D-amino 
acid oxidase and catalase . L- [1- 11C] leucine is isolated 
by anion- exchange chromatog. and purified by membrane filtration. 
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AB Racemic (hydroxybutyl ) hydantoin (DL-I) was hydrolyzed in aqueous 
Ba(OH)2 at 121° in an autoclave to give DL-HO (CH2 ) 4CH (NH2 ) C02H , 
which was digested with D-amino acid 

oxidase to give a mixture of L-HO (CH2 ) 4CH (NH2 ) C02H (II) and 

H0(CH2) 4COC02H. This mixture was separated by ion-exchange chromatog. and the 

resulting enantiomeric pure II underwent cyclization with KCNO to give 

L-I. 
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AB cf. CA 62, 153 8 lg. Bottromycin A (1 g.) and 2 0 ml. Ac20 heated 3 hrs . at 

100° and the solution concentrated to small volume and refrigerated overnight 
gave crystalline N- (N-acetyl-3-methyl-3-phenylalanyl) -3- (2-thiazolyl) -p- 
alanine Me ester; the filtrate was evaporated to dryness, the residue refluxed 
24 hrs. with 40 ml. constant boiling HC1, the hydrolyzate evaporated in vacuo, 
the residue dissolved in H20, the solution neutralized with Amberlite IR-4B 
(OH type) and evaporated, and the residue subjected to chromatography on 
cellulose powder with the upper phase of 100:12:100 BuOH-H20-AcOH (6 -ml. 
fractions were collected) gave separated amino acid fractions. Fractions 6 
and 7 combined and evaporated in vacuo gave 19 mg. 3 -methyl -3 -phenyl -L- alanine 
(I) , m. 186-8° (EtOH) , identified by paper chromatography (PC) and 
by its N.M.R. spectrum, not decomposed by D-amino 
acid oxidase; the N-dithiocarbethoxy derivative of I showed 
a pos. Cotton effect in optical rotary dispersion (O.R.D.) in MeOH. 
Fractions 14-26 evaporated in vacuo, the residue dissolved in a small amount 
MeOH by warming, and the solution cooled, diluted with Me2CO, and refrigerated 
gave 47 mg. new amino acid 2-amino-3 , 3-dimethylbutyric acid (II), sublimes 
at 210-18°, pKa 2.4 and 9.7, not decomposed by D- 
amino acid oxidase, its O.R.D. being of the 

L-amino acid type. Evaporation of fractions 28-34 gave 38 mg. L- valine, 
[a]20D 14° (c 1, H20) , [a] 20D 32° (c 1, N HC1) , 

identified by PC, ir spectrum, and [a]D. Fractions 35-42 evaporated, 
the impure residue dissolved in a small amount MeOH, and the solution filtered 
through C and diluted with Me2CO gave 18 mg. new amino acid 
cis-3-methyl-L-proline (III) , needles, m. 218-22° (decomposition) 



(shrinks at 190-200°) ; the filtrate concentrated in vacuo to small volume, 

diluted with Me2CO, and refrigerated overnight gave 27 mg. another crystalline 

form cis-III, prisms, m. 241-4° (decomposition), [a] 18D 

-58° (c 1, H20) ; both forms were shown to be identical by PC; the 

cis configuration of III followed from its N.M.R. spectrum, cis-III gave 

yellow ninhydrin and blue isatin reactions and showed a neg. reaction to 

D- amino acid oxidase; its 

N-dithiocarbethoxy derivative (Ilia) showed a pos . Cotton effect in O.R.D. 
Fractions 43-51 evaporated gave 12 mg. 3 - (2 -thiazolyl ) -p-alanine (IV), m. 
200-1° (MeOH) , [a] 18D 9° (c 1, H20) , identified by PC. 

Evaporation of fractions 98-12 0 gave glycine, identified by PC and its ir 
spectrum. To 12.9 mg. cis-III in 0.5 ml. H20 was added 0.2 ml. N NaOH and 
0.007 ml. CS2, the mixture stirred magnetically 16 hrs . at room temperature in 

a 

stoppered flask, 0.009 ml. EtI added, the mixture stirred 8 hrs., extracted 3 
times with 5 ml. Et20, and acidified with dilute H2S04, and the product 
isolated with Et20 to give 20 mg. Ilia. II was similarly converted into 
its N-dithiocarbethoxy derivative The ir spectra of I, II, both forms of 
cis-III, and IV and the N.M.R. spectra of II and cis-III were recorded. 
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AB Cloning and sequencing of a 7.1 kb DNA fragment from Agrobacterium sp IP 
1-671 revealed seven open reading frames (ORFs) encoding D- 
hydantoinase, D- carbamoyl ase and putative hydantoin 
racemase, D- amino acid oxidase and 

NAD(P) H-f lavin oxidoreductase . Two incomplete ORFs flanking the 

hydantoin utilization genes showed similarities to genes involved 

in transposition. Expression of the D-hydantoinase and 

D-carbamoylase gene in Escherichia coli gave mainly inactive protein 

concentrated in inclusion bodies, whereas homologous expression on an 

RSF1010 derivative increased hydantoinase and D-carbamoylase 

activity 2.5-fold and 10-fold, respectively, in this strain. Inactivation 

of the D-carbamoylase gene in Agrobacterium sp IP 1-671 led to a complete 

loss of detectable carbamoylase activity whereas the low 

hydantoinase activity remaining after inactivation of the D- 

hydantoinase gene indicated the presence of a second 

hydantoinase -encoding gene. Two plasmids of 80 kb and 190 kb in 

size were identified by pulsed- field gel electrophoresis and the cloned 

hydantoin utilization genes were found to be localized on the 190 

kb plasmid. 
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AB Cloning and sequencing of a 7 . 1 kb DNA fragment from Agrobacterium sp IP 
1-671 revealed seven open reading frames (ORFs) encoding D- 
hydantoinase, D-carbamoylase and putative hydantoin 
racemase, D -amino acid oxidase 

and NAD (P) H-f lavin oxidoreductase. Two incomplete ORFs flanking the 

hydantoin utilization genes showed similarities to genes involved 

in transposition. Expression of the D-hydantoinase and 

D-carbamoylase gene in Escherichia coli gave mainly inactive protein 

concentrated in inclusion bodies, whereas homologous expression on an 

RSF1010 derivative increased hydantoinase and D-carbamoylase 

activity 2.5-fold and 10-fold, respectively, in this strain. Inactivation 

of the D-carbamoylase gene in Agrobacterium sp IP 1-671 led to a complete 

loss of detectable carbamoylase activity whereas the low 

hydantoinase activity remaining after inactivation of the D- 

hydantoinase gene indicated the presence of a second 

hydantoinase -encoding gene. Two plasmids of 80 kb and 190 kb in 

size were identified by pulsed- field gel electrophoresis and the cloned 

hydantoin utilization genes were found to be localized on the 190 

kb plasmid. 
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AB Biocatalytic processes were used to prepare chiral intermediates required 
for the synthesis of Omapatrilat 1 by three different routes. The 
synthesis and enzymatic conversion of 2-keto-6-hydroxyhexanoic acid 3 to 
L-6-hydroxynorleucine 2 was demonstrated by reductive amination using 
beef liver glutamate dehydrogenase. To avoid the lengthy chemical 
synthesis of the ketoacid 3, a second route was developed to prepare the 
ketoacid by treatment of racemic 6 -hydroxy norleucine [readily available 
from hydrolysis of 5- (4 -hydroxybutyl) hydantoin 4] with 
D-amino acid oxidase from porcine 

kidney or Trigonopsis variabilis followed by reductive amination to 
convert the mixture completely to L- 6 -hydroxynor leucine in 98% yield and 
99% enantiomeric excess (e.e.). The enzymatic synthesis of 

(S) -2 -amino-5- ( 1 , 3-dioxolan-2-yl) -pentanoic acid (allysine ethylene 
acetal, 5) was demonstrated using phenylalanine dehydrogenase (PDH) from 
T. intermedius. Phenylalanine dehydrogenase was cloned and overexpressed 
in Escherichia coli and Pichia pastoris. Using PDH from E. coli or P. 
pastoris, the enzymatic process was scale-up to prepare kg quantity of 
allysine ethylene acetal 5. The reaction yields of >94% and e.e. of >98% 
were obtained for allysine ethylene acetal 5. An enzymatic process was 
developed for the synthesis of [4S- (4a, 7a, lOab) ] l-octahydro-5-oxo-4 

[ [ (phenylmethoxy) carbonyl] amino] -7H-pyrido- [2, 1-b] [1, 3] thiazepine-7 - 
carboxylic acid [BMS-199541- 01] . The enzymatic oxidation of the 
e-amino group of lysine in the dipeptide dimer 
N. sup. 2- [N [ [ (phenyl- me thoxy) carbonyl] L-homocysteinyl] 

L-lysine) -1, 1-disulphide [BMS-201391-01] to produce BMS-199541-01 using a 
novel L-lysine e -aminotransferase (LAT) from Sphingomonas 
paucimobilis SC 16113 was demonstrated. This enzyme was overexpressed in 
E. coli and a process was developed using the recombinant enzyme. 
Copyright .COPYRGT. 2 001 Elsevier Science B.V. 
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AB Biocatalytic processes were used to prepare chiral intermediates for 
pharmaceuticals. These include the following processes. Enzymatic 
synthesis of [4S- (4a, 7a, lOab) ] l-octahydro-5-oxo-4 - [ [ (phenylmethoxy) 
carbonyl] amino] -7H-pyrido- [2, 1-b] [1 , 3] thiazepine-7 -carboxylic acid 
methyl ester (BMS-199541-01) , a key chiral intermediate for synthesis of 
a new vasopeptidase inhibitor. Enzymatic oxidation of the e-amino 
group of lysine in dipeptide dimer N . sup . 2 - [N [[ (phenylmethoxy) carbonyl] 
L-homocysteinyl] L-lysine) 1, 1-disulfide (BMS-2013 91-01) to produce 
BMS-199541-01 using a novel L-lysine e-aminotransf erase from S. 
paucimobilis SC16113 was demonstrated. This enzyme was overexpressed in 
E. coli, and a process was developed using recombinant enzyme. The 
aminotransferase reaction required cc-ketoglutarate as the amine 
acceptor. Glutamate formed during this reaction was recycled back to 
a-ketoglutarate by glutamate oxidase from S. noursei SC6007. 
Synthesis and enzymatic conversion of 2 -keto-6 -hydroxyhexanoic acid 5 to 
L- 6 -hydroxy norleucine 4 was demonstrated by reductive amination using 
beef liver glutamate dehydrogenase. To avoid the lengthy chemical 
synthesis of ketoacid 5, a second route was developed to prepare the 
ketoacid by treatment of racemic 6 -hydroxy norleucine (readily available 
from hydrolysis of 5 - (4 -hydroxybutyl ) hydantoin, 6) with 
D -amino acid oxidase from porcine 

kidney or T. variabilis followed by reductive amination to convert the 
mixture to L-6-hydroxynorleucine in 98% yield and 99% enantiomeric 
excess. Enzymatic synthesis of (S) -2-amino-5- (1, 3 -dioxolan-2 -yl) - 
pentanoic acid (allysine ethylene acetal, 7), one of three building 
blocks used for synthesis of a vasopeptidase inhibitor, was demonstrated 
using phenylalanine dehydrogenase from T. intermedius. The reaction 
requires ammonia and NADH. NAD produced during the reaction was recycled 
to NADH by oxidation of formate to CO. sub. 2 using formate dehydrogenase. 
Efficient synthesis of chiral intermediates required for total chemical 
synthesis of a P3 receptor agonist was demonstrated. These include: 



(a) microbial reduction of 4 -benzyloxy-3-methanesulf onylamino-2 1 -bromo- 
acetophenone 9 to corresponding (R) -alcohol 10 by S. paucimobilis 
SC16113, (b) enzymatic resolution of racemic a-methyl phenylalanine 
amide 11 and a-methyl- 4 -hydroxyphenylalanine amide 13 by amidase 
from M . neoaurum ATCC 25795 to prepare corresponding (S) -amino acids 12 
and 14, and (c) asymmetric hydrolysis of methyl- (4 -methoxyphenyl ) - 
propanedioic acid ethyl diester 15 to corresponding (S) -monoester 16 by 
pig liver esterase. (S) [1- (acetoxyl) -4- {3 -phenyl) butyl] phosphonic acid 
diethyl ester 21, a key chiral intermediate required for total chemical 
synthesis of BMS-188494 (an anticholesterol drug) was prepared by 
stereoselective acetylation of racemic [1- (hydroxy) -4- (3 - 
phenyl) butyl ]phosphonic acid diethyl ester 22 using G. candidum lipase. 
Lipase-catalyzed stereoselective acetylation of racemic 
7- [N, N 1 -bis- (benzyloxy-carbonyl)N- (guanidinoheptanoyl) ] -ct-hydroxy- 
glycine 24 to corresponding S- (-) -acetate 25 was demonstrated. 

5- (-) -acetate 25 is a key intermediate for total chemical synthesis of 
(-) -15-deoxyspergualin 23, an immunosuppressive agent and antitumor 
antibiotic. Stereoselective microbial reduction of (IS) [3 -chloro-2 -oxo- 1- 
(phenyl -methyl) propyl] carbamic acid, 1 , 1-dimethyl- ethyl ester 26 to 
corresponding chiral alcohol 27a (a key chiral intermediate for HIV 
protease inhibitors) was also demonstrated. Stereospecif ic enzymatic 
hydrolysis of racemic epoxide RS-1- {2 1 , 3 ' -dihydro benzo [b] f uran-4 ' -yl } - 
1,2-oxirane 29 the corresponding R-diol 30 and unreacted chiral S-epoxide 
28 was demonstrated using R. glutinis and A. niger. Dynamic resolution of 
racemic diol RS- 1- { 2 1 , 3 1 -dihydrobenzo [b] f uran-4 1 -yl } -ethane- 1 , 2 -diol 32 
to corresponding S-diol S-l- {2 1 , 3 ' -dihydro-benzo [b] furan-4 ' -yl} -ethane- 
1,2 -diol 31 was demonstrated using C. boidinii and P. methanolica. Chiral 
(S) -epoxide 28 and (S) -diol 31 are key intermediates for a new 
prospective circadian modulator drug. Enzymatic resolution of racemic 
2-pentanol and 2-heptanol by lipase B from Candida antarctica was 
demonstrated. S- (+) -2-pentanol is a key chiral intermediate required for 
synthesis of anti-Alzheimer's drugs. 
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AB L-6-Hydroxynorleucine, a key chiral intermediate used for synthesis of a 
vasopeptidase inhibitor, was prepared in 89% yield and >99% optical 
purity by reductive amination of 2-keto-6-hydroxyhexanoic acid using 
glutamate dehydrogenase from beef liver. In an alternate process, racemic 

6- hydroxynorleucine produced by hydrolysis of 5 - (4 -hydroxybutyl) 
hydantoin was treated with D -amino 

acid oxidase to prepare a mixture containing 2-keto-6- 

hydroxyhexanoic acid and L- 6 -hydroxynorleucine followed by the reductive 
amination procedure to convert the mixture entirely to 

L- 6 -hydroxynorleucine, with yields of 91 to 97% and optical purities of 
>99%. 
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AB Cloning and sequencing of a 7.1 kb DNA fragment from Agrobacterium sp IP 
1-671 revealed seven open reading frames (ORFs) encoding D- 
hydantoinase , D-carbamoylase and putative hydantoin 
racemase, D- amino acid oxidase and 

NAD ( P) H- flavin oxidoreductase . Two incomplete ORFs flanking the 

hydantoin utilization genes showed similarities to genes involved 

in transposition. Expression of the D-hydantoinase and 

D-carbamoylase gene in Escherichia coli gave mainly inactive protein 

concentrated in inclusion bodies, whereas homologous expression on an 

RSF1010 derivative increased hydantoinase and D-carbamoylase 

activity 2.5-fold and 10-fold, respectively, in this strain. Inactivation 

of the D-carbamoylase gene in Agrobacterium sp IP 1-671 led to a complete 

loss of detectable carbamoylase activity whereas the low 

hydantoinase activity remaining after inactivation of the D- 

hydantoinase gene indicated the presence of a second 



hydantoinase- encoding gene. Two plasmids of 80 kb and 190 kb in 

size were identified by pulsed- field gel electrophoresis and the cloned 

hydantoin utilization genes were found to be localized on the 190 

kb plasmid. 
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Biocatalytic processes were used to prepare chiral intermediates required 
for the synthesis of Omapatrilat 1 by three different routes. The 
synthesis and enzymatic conversion of 2-keto-6-hydroxyhexanoic acid 3 to 
L-6-hydroxynorleucine 2 was demonstrated by reductive amination using beef 
liver glutamate dehydrogenase. To avoid the lengthy chemical synthesis of 
the ketoacid 3, a second route was developed to prepare the ketoacid by 
treatment of racemic 6-hydroxy norleucine [readily available from 
hydrolysis of 5- (4 -hydroxy butyl) hydantoin 4] with D- 
amino acid oxidase from porcine kidney or 

Trigonopsis variabilis followed by reductive amination to convert the 
mixture completely to L-6 -hydroxynor leucine in 98% yield and 99% 
enantiomeric excess (e.e.). The enzymatic synthesis of 
(S) -2-amino-5- (1, 3 -dioxolan-2 -yl ) -pentanoic acid (allysine ethylene 
acetal, 5) was demonstrated using phenylalanine dehydrogenase (PDH) from 
T. intermedius. Phenylalanine dehydrogenase was cloned and overexpressed 
in Escherichia coli and Pichia pastoris. Using PDH from E. coli or P. 
pastoris, the enzymatic process was scale-up to prepare kg quantity of 
allysine ethylene acetal 5. The reaction yields of >94% and e.e. of >98% 
were obtained for allysine ethylene acetal 5. An enzymatic process was 
developed for the synthesis of [4S- (4a, 7a, lOab) ] l-octahydro-5-oxo-4 
[ [ (phenylmethoxy) carbonyl] amino] -7H-pyrido- [2, 1-b] [1,3] thiazepine-7 - 
carboxylic acid [BMS-199541-01] . The enzymatic oxidation of the 
e- amino group of lysine in the dipeptide dimer 

N(2) - [N[ [ (phenyl -methoxy) carbonyl] L-homocysteinyl] L-lysine) -1, 1- 
disulphide [BMS-201391-01] to produce BMS-199541-01 using a novel L-lysine 
e-aminotransf erase (LAT) from Sphingomonas paucimobilis SC 16113 
was demonstrated. This enzyme was overexpressed in E . coli and a process 
was developed using the recombinant enzyme. Copyright .COPYRGT. 2001 
Elsevier Science B.V. 
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Biocatalytic processes were used to prepare chiral intermediates for 
pharmaceuticals. These include the following processes. Enzymatic 
synthesis of [4S- (4a,7a,10ab) ] l-octahydro-5-oxo-4 - [ [ (phenylmethoxy) 
carbonyl] amino] -7H-pyrido- [2, 1-b] [1, 3] thiazepine-7-carboxylic acid methyl 
ester (BMS-199541-01), a key chiral intermediate for synthesis of a new 
vasopeptidase inhibitor. Enzymatic oxidation of the e-amino group 
of lysine in dipeptide dimer N2- [N [[ (phenylmethoxy) carbonyl] 
L-homocysteinyl] L-lysine) 1 , 1-disulfide (BMS-201391-01) to produce 
BMS-199541-01 using a novel L-lysine e-aminotransf erase from S. 
paucimobilis SC16113 was demonstrated. This enzyme was overexpressed in 
E. coli, and a process was developed using recombinant enzyme. The 
aminotransferase reaction required cc-ketoglutarate as the amine 
acceptor. Glutamate formed during this reaction was recycled back to 
a-ketoglutarate by glutamate oxidase from S. noursei SC6007. 
Synthesis and enzymatic conversion of 2 -keto-6 -hydroxyhexanoic acid 5 to 
L-6 -hydroxy norleucine 4 was demonstrated by reductive amination using 
beef liver glutamate dehydrogenase. To avoid the lengthy chemical 
synthesis of ketoacid 5, a second route was developed to prepare the 
ketoacid by treatment of racemic 6-hydroxy norleucine (readily available 
from hydrolysis of 5 - (4 -hydroxy butyl) hydantoin, 6) with 
D -amino acid oxidase from porcine 

kidney or T. variabilis followed by reductive amination to convert the 
mixture to L-6-hydroxynorleucine in 98% yield and 99% enantiomeric excess. 
Enzymatic synthesis of (S) -2-amino-5- ( 1 , 3-dioxolan-2-yl) -pentanoic acid 
(allysine ethylene acetal, 7), one of three building blocks used for 



synthesis of a vasopeptidase inhibitor, was demonstrated using 
phenylalanine dehydrogenase from T. intermedius. The reaction requires 
ammonia and NADH. NAD produced during the reaction was recycled to NADH 
by oxidation of formate to C02 using formate dehydrogenase. Efficient 
synthesis of chiral intermediates required for total chemical synthesis of 
a P3 receptor agonist was demonstrated. These include: (a) microbial 
reduction of 4 -benzyloxy-3 -methanesulf onylamino-2 ' -bromo-acetophenone 9 to 
corresponding (R) -alcohol 10 by S. paucimobilis SC16113, (b) enzymatic 
resolution of racemic a-methyl phenylalanine amide 11 and 
ct-methyl-4-hydroxyphenylalanine amide 13 by amidase from M. neoaurum 
ATCC 25795 to prepare corresponding (S) -amino acids 12 and 14, and (c) 
asymmetric hydrolysis of methyl- (4 -methoxyphenyl) -propanedioic acid ethyl 
diester 15 to corresponding (S) -monoester 16 by pig liver esterase. 
(S) [1- (acetoxyl) -4- (3-phenyl) butyl] phosphonic acid diethyl ester 21, a key 
chiral intermediate required for total chemical synthesis of BMS-1884 94 
(an anticholesterol drug) was prepared by stereoselective acetylation of 
racemic [1- (hydroxy) -4- ( 3 -phenyl) butyl] phosphonic acid diethyl ester 22 
using G. candidum lipase. Lipase-catalyzed stereoselective acetylation of 
racemic 7- [N, N 1 -bis- (benzyloxy-carbonyl) N- (guanidinoheptanoyl) ] -<x- 
hydroxy- glycine 24 to corresponding S- (-) -acetate 25 was demonstrated. 
S- (-) -acetate 25 is a key intermediate for total chemical synthesis of 
(-) -15-deoxyspergualin 23, an immunosuppressive agent and antitumor 
antibiotic. Stereoselective microbial reduction of (IS) [3 -chloro-2 -oxo- 1- 
( phenyl -methyl) propyl] carbamic acid, 1 , 1-dimethyl- ethyl ester 26 to 
corresponding chiral alcohol 27a (a key chiral intermediate for HIV 
protease inhibitors) was also demonstrated. Stereospecif ic enzymatic 
hydrolysis of racemic epoxide RS-1- { 2 1 , 3 1 -dihydro benzo [b] f uran-4 ' -yl } -1 , 2 - 
oxirane 29 the corresponding R-diol 3 0 and unreacted chiral S-epoxide 28 
was demonstrated using R. glutinis and A. niger. Dynamic resolution of 
racemic diol RS-1- {2 ■ , 3 1 -dihydrobenzo [b] furan-4 ■ -yl} -ethane-1, 2-diol 32 to 
corresponding S-diol S-l-{2» , 3 » -dihydro-benzo [b] furan-4 1 -yl } -ethane-1 , 2 - 
diol 31 was demonstrated using C. boidinii and P. methanolica. Chiral 
(S) -epoxide 28 and (S) -diol 31 are key intermediates for a new prospective 
circadian modulator drug. Enzymatic resolution of racemic 2-pentanol and 
2-heptanol by lipase B from Candida antarctica was demonstrated. 
S- (+) -2-pentanol is a key chiral intermediate required for synthesis of 
ant i -Alzheimer ' s drugs. 
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L-6-Hydroxynorleucine, a key chiral intermediate used for synthesis of a 
vasopeptidase inhibitor, was prepared in 89% yield and >99% optical purity 
by reductive amination of 2 -keto-6-hydroxyhexanoic acid using glutamate 
dehydrogenase from beef liver. In an alternate process, racemic 6- 
hydroxynorleucine produced by hydrolysis of 5- (4 -hydroxybutyl) 
hydantoin was treated with D-amino 

acid oxidase to prepare a mixture containing 2-keto-6- 

hydroxyhexanoic acid and L-6 -hydroxynor leu cine followed by the reductive 
amination procedure to convert the mixture entirely to 

L-6 -hydroxynor leucine, with yields of 91 to 97% and optical purities of 
>99%. 



